In this paper we build up a flight control system for an unmanned aircraft whose flight control system fails during a longitudinal flight with constant forward velocity. This task is accomplished using only the system of differential equations, which governs the movement of the aircraft around its center of mass. Numerical simulation is given.
INTRODUCTION
The simplified system of differential equations, which governs the motion around the center of mass in a longitudinal flight with constant velocity of an unmanned aircraft, whose flight control system fails during the flight, is given by: (1)
In this system the state parameters are: angle of attack  , pitch rate and Euler pitch angle  .
q
The control parameter is the elevator deflection e  . is the forward velocity of the aircraft, considered constant and is the gravitational acceleration. values in a specific case are given in Section 3 ( Table 1 ). In the system (1) is a parameter. , q , given by:
In (2) are constants and for the considered numerical case their values are given in Section 3 (Table 1) .
When the flight control system fails, e  becomes constant.
In [1] it was shown that is an equilibrium state of the system (1), corresponding to , if and only if
 is a solution of the equation:
q is equal to zero and  is a solution of the equation:
where are given by: 
Equation ( , then for the system (1) there are no equilibriums corresponding to e  . Also in [1] , it was shown that: -if the following inequalities hold:
(12) then a longitudinal flight with constant forward velocity and constant state parameters becomes increasing oscillatory, i.e. is a positive ) (t    n 2 -periodic function; -if beside inequality (11) the following inequality holds:
(13) then a longitudinal flight with constant forward velocity and constant state parameters becomes decreasing oscillatory, i.e. is a negative ) (t    n 2 -periodic function. In other words, if the elevator deflection e  is not in the interval I at the moment when the flight control system fails, then the flight necessarily becomes oscillatory.
In the next section we will build up an alternative flight control, which is able to bring back the aircraft in a longitudinal flight with constant forward velocity and constant state parameters defined by:
DESIGN OF THE ALTERNATIVE FLIGHT CONTROL SYSTEM
Remark that for every ' * R   there is a unique steady state of the system (1) having the pitch angle equal to  *  ; namely where The steady state * X corresponds to the elevator deflection * e  given by:
In the following, an alternative flight control system which stabilizes an arbitrary oscillatory longitudinal flight bringing back the aircraft at the longitudinal flight equilibrium with
will be attempted.
For that consider the elevator deflection as a function of the pitch angle , suggested by (15), and given by:
approximating ) (  e by its first order Taylor polynomial at 0 *   : ) (
The Taylor polynomial provides the idea of considering the alternative flight control defined as:
where is a parameter called amplifier. The flight of the aircraft under the action of the alternative flight control, defined by (19), is governed by the system of differential equations: Assuming now that also the following inequalities are fulfilled: 
As it is shown in [2] the interval I in this case is
Under the action of the flight control system, defined by (2) for given in Table 1 , the behavior of the aircraft was simulated numerically in [2] .
In [1] the occurrence of two oscillatory solutions of the same aircraft is simulated in the case when the flight control system fails at . 0  t The first is an increasing oscillatory movement and corresponds to the situation in which the elevator deflection e  at the moment of failing is blocked at rad e 05 . 0    (Fig.1) . The second is a decreasing oscillatory movement and corresponds to the situation in which the elevator deflection e  at the moment of failing is blocked at rad e 048 . 0   (Fig.2) . In order to illustrate that the alternative flight control system is able to bring back the aircraft from these oscillatory solutions to the steady state , we have integrated numerically the system (21) for
starting from the points of the above oscillatory solutions after 25 s of oscillations. The results of these integrations are presented in Figs. 3 and 4, respectively. 
CONCLUSION
For an unmanned aircraft whose automated flight control system fails during a longitudinal flight with constant forward velocity the following statements hold:
i)
There exists a range   e e   , having the property that if in the moment of failure the elevator deflection e  stops in this range, then after a period of transition the flight becomes longitudinal with constant angle of attack, constant pitch angle and zero yaw rate. ii)
If at the moment of failure the elevator deflection e  stops outside of this range, then the longitudinal flight becomes oscillatory, iii)
The alternative flight control system defined by (19) is able to bring back to the steady state movement T the aircraft which is in oscillatory longitudinal movement.
